Ferroelastic fluctuations in high-temperature superconductors 
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Abstract 

o 

^ ' and cuprate superconductors is produced by ferroelastic fluctuations just below the transition 



It is shown that the specific heat jump at the superconducting transition temperature in pnictide 



PACS numbers: 74.20.-z, 74.25.Bt, 74.40.-|-k 



, temperature. The amplitude of the corresponding lattice distortion is estimated. It is shown 

o , 

O , that a contribution from ferroelastic fluctuations to the specific heat jump is also present in low- 

p i' temperature superconductors. 
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Recently, it was shown [1] that the specific heat jump ACp at the superconduct- 
ing transition temperature Tc in pnictide superconductors of Ba {Fei-xNix)2 and 
Ba {Fei_xCox)2 series is proportional to T^. Since the Debye temperature Or, in these 
compounds is weakly dependent on chemical composition [2] (it is close to those of arsenic 
As), this relation means that the specific heat jump ACp at the superconducting transition 
temperature is about 1% of the lattice heat capacity Cp at this temperature. 



where N is the number of atoms and fc^ is the Boltzmann constant. 

The specific heat jump at in La2CuOi,oQs [3] also obeys the relation ([T]). This relation is 
produced by ferroelastic fluctuations in the superconducting phase just below the transition 
temperature [4] and can be attributed to a relative change in the Debye temperature 6e> at 
a level of 0.3%. The amplitude of the corresponding lattice distortion 6 = Aa/a (a is the 
lattice parameter) is about 5 = 1.5 x 10~^, if we assume that a relative change in the sound 
velocity has the same order as a relative change in the lattice parameter. This value of S 
has an order of 



where ^ 0A5nm has an order of the lattice parameter and ^ ISOnm is the size of a 
crystalline domain [5]. 

The maximum elastic strain in a crystalline solid and, hence, the ratio of the tensile 
strength cr^ to the Young modulus E (for example, in Al, Cu, Fe, Ag) have the same order 
of magnitude, as/E = a^/dc. 

A contribution from ferroelastic fluctuations to the specific heat jump at the supercon- 
ducting transition temperature is also present in low-temperature superconductors. In lead 
(Pb), the specific heat jump ACp [6] at the superconducting transition temperature Tc is a 
sum of the Rutgers term and the term given by the equation ([T]), 



ACp ^ O.OlCp = 0.01 X (12/5) -K^Nke {TjOof , 



(1) 



6 ^ ao/d, 



(2) 



ACp = V (TjAn) {dHjdT)l + O.OlCp. 



(3) 



Here H^. is the critical field (for type I superconductors) and V is the volume. 
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The equation ([3]) is valid for diamagnetic metals (Pb, Sn, In, Tl). In paramagnetic metals 
(Al, Ta), the specific heat jump ACp at the superconducting transition temperature Tc is 
less than the value given by the Rutgers formula, due to antiferromagnetic fiuctuations in 
the superconducting phase [5]. 
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